I N T RO D U C T I O N
The ongoing convergence of the Arabian and African plates with Eurasia is the latest in a series of ocean basin formations and closures in Anatolia over the past 250 million years (Şengör & Yilmaz 1981) . These events are recorded by sutures and faults separating the major crustal blocks, composed of intensely deformed oceanic sequences as well as various igneous and metamorphic rock complexes (Fig. 1) . Additional information on the extent of these features and the events that created them can be gained from high-resolution crustal tomography models, as we present in this paper.
In southeast Turkey, the present-day boundary between the Arabian and Eurasian Plates is marked by the Bitlis-Zagros suture (BZS). To the north of the suture, the high elevations of the East Anatolian Plateau (EAP) may be the result of the northward subduction of the Arabian Plate. A seismically fast subducting slab is not apparent in tomography models (i.e. Biryol et al. 2011) , which led to the interpretation that the Arabian Plate broke off ∼11 to 10 Ma and opened a slab window. To fill this gap, hot asthenosphere upwelled and resulted in the uplift (Keskin 2003; Faccenna et al. 2006; Lei & Zhao 2007; Elitok & Dolmaz 2008; Gögüs & Pysklywec 2008) . Additional evidence for hot, partially molten rock in the upper mantle/lower crust comes from the young (Neogene) volcanism in the region (Keskin 2003) .
The Arabia-Eurasia collision has also resulted in the westward extrusion of the Anatolian Plate. While the mechanism of the westward-motion of the Anatolian Plate is still a matter of debateit has been variously attributed to microplate escape (Tapponier 1977) and slab rollback and break off (Reilinger et al. 2006 )-the motion primarily occurs along the dextral North Anatolian Fault Zone (NAFZ) and the sinistral East Anatolian Fault Zone (EAFZ), which form the northern and southern boundaries of the Anatolian Plate. The NAFZ, in particular, has been the location of a series of large and damaging earthquakes since its formation (Stein et al. 1997) . In addition to the large earthquakes, the NAFZ has abundant smaller earthquakes, most occurring in the upper 15 km of the crust. This seismicity is distributed among the many splays of the 100 km-wide NAFZ, with just 20 per cent occurring on the main fault strand (Yolsal-Ç evikbilen et al. 2012) .
Within the Anatolian Plate, the major crustal units are the Kırşehir Massif (KM), the Anatolide-Tauride Block (ATB), and the Tethyside Accretionary Complexes (TAC). The boundary between the KM, which is composed of Cretaceous metamorphic and granitic rocks and ophiolites, and the ATB is the Inner-Tauride Suture (ITS; Şengör & Yilmaz 1981; Okay & Tüysüz 1999) . The ITS was reactivated by the sinistral Central Anatolian Fault zone (CAFZ) during the middle Pliocene (Koçyigit & Beyhan 1998) . The northern boundary of the KM is marked by theİzmir-Ankara-Erzincan Suture Zone (IAESZ), which extends for 2000 km and marks the closure of the Neo-Tethys Ocean (Okay & Tüysüz 1999) . The TAC, composed mostly of sedimentary materials with some oceanic lithosphere, are located across the IAESZ to both the east and west of the KM. To the north of the NAFZ, the Western, Central, and Eastern Pontides are continental basement accreted from Europe (Okay & Tüysüz 1999) .
The crustal structure of central and eastern Turkey reflects a complex series of events. In this study, we model the seismic velocity structure throughout the crust to better constrain the depth extent of surface features, determine if the surface expression matches the geology at depth, and demarcate boundaries when surface expressions don't exist or are ambiguous.
DATA
Two temporary seismic experiments, the North Anatolian Fault Passive Seismic Experiment (NAFPSE) and the Eastern Turkey Seismic Experiment (ETSE), were recently done in central and eastern Turkey. From 2006 June to 2008 April, the NAFPSE consisted of 39 seismometers deployed in an array with dimensions of roughly 250 km × 400 km (Fig. 1b) . The array was centred on the North Anatolian Fault Zone (NAFZ) in central Turkey. This experiment was a joint project between the University of Arizona, Middle East Technical University, Istanbul Technical University and Bogaziçi University Kandilli Observatory.
The 28 stations of the ETSE were deployed in eastern Turkey from 1999 October to 2001 August . The array covered a triangular region approximately 500 km across (Fig. 1b) . This experiment was a joint project between Cornell University and Bogaziçi University Kandilli Observatory.
We supplement data from these two temporary networks with broad-band data from 22 stations of regional and global seismic networks within ∼10
• of the study area (Fig. 1) . We use data from the IRIS/IDA, IRIS/USGS, MedNet, GEOFON and Israel National seismic networks.
A M B I E N T N O I S E P H A S E V E L O C I T Y M E A S U R E M E N T S A N D T O M O G R A P H Y

Background
While earthquakes provide the energy for traditional seismic imaging studies, ambient seismic noise can also be used for highresolution imaging of crustal structure (Shapiro et al. 2005) . Microseismic noise is constantly being generated by processes such as the interaction of ocean swells with coastlines (Friedrich et al. 1998) . When sampled over a sufficiently long period of time, the ambient wavefield is randomly distributed. This allows the extraction of reliable surface wave dispersion measurements at periods <20 s and then the imaging of high resolution crustal structures in regions with sparse or inhomogeneous seismicity. For our study area, ambient noise provides an additional advantage because surface wave recordings from teleseismic earthquakes tend to travel along complicated continental paths and show effects of multipathing and deviations from great-circle path propagation, thus violating some of the assumptions used in traditional surface wave analysis. Since the interstation surface wave signals extracted from ambient noise travel much shorter distances within the study region, we assume that the propagation paths do not deviate from the great circle path.
Ambient noise tomography (ANT), the method we use, is similar to traditional surface wave tomography with dispersion measurements, except the phase velocity measurements are not from earthquakes and instead from interstation Green's functions found from the cross-correlation of ambient seismic noise.
Data Processing
For the first step in our analysis, we largely follow the data processing procedure described by Bensen et al. (2007) . For the time periods of the two seismic experiments, we process all available vertical-component seismograms by removing the known instrument response, cutting them into day-long segments, decimating them to 1 sample per second, and bandpass filtering them between 5 and 150 s. Next, to remove earthquake signals and instrument irregularities, we apply a temporal normalization. As described in Yang et al. (2007) , we use a weighted running average of the seismogram envelope. We use a 75 s time window (half the maximum period used in filtering) for the normalization.
Cross-correlations
For all pairs of stations, we compute daily cross-correlations of noise records and stack them over the entire duration of the experiment, as well as in monthly and seasonal subsets, to obtain empirical Green's functions. To stack, we add, without weights, the daily cross-correlations for days in which the time-series covers >80 per cent of the day. As an example, Fig. 2 shows the cross-correlations for station DERE with other stations along a north-south line, for the entire duration of the experiment. As station separation increases, an increasing time lag of the maximum cross-correlation coefficient is apparent. The full cross-correlation function (Fig. 2a) shows surface wave energy propagating both north-to-south (positive time lags) and south-to-north (negative time lags) along the path. The positive and negative components differ in exact waveform because of spectral and spatial variations in noise characteristics but are almost exactly the same in traveltime. Thus, to increase the signalto-noise ratio (SNR) of interstation surface wave signals, we stack the positive and negative components into a symmetric component (Fig. 2b ) that we use for our analysis. We investigate the effect of seasonal variations in noise sources later in Section 3.5.
We calculate the SNR for each cross-correlation stack in several narrow passbands. The SNR is defined as the ratio of the maximum amplitude in the signal window to the rms of the amplitude in the noise window. The signal window is defined by the predicted Rayleigh wave arrival times for the minimum and maximum periods for the passband. The noise window trails the signal window. For each passband, we keep cross-correlation stacks with SNR ≥ 15 and use them in the following analysis.
Phase velocity maps
After selecting station pairs with high SNRs, we measure interstation Rayleigh wave phase velocities, assuming great-circle path propagation, in ten frequency bands ranging from 8 to 40 s. At shorter periods, SNRs are too low whereas the longer period limit is constrained by both SNRs and network dimensions. Following Lin et al. (2008) , we use an automated frequency-time analysis (FTAN) to calculate signal power as a function of time for the central frequency of each pre-determined frequency band (see Fig. S1 ). We track the local power maximum with frequency, interpolating through small spectral holes and rejecting irregular spectra to insure a continuous function. Finally, we use the pre-determined frequency bands and a phase-match filter to measure phase velocities. Measured phase velocities between individual paths vary significantly. For example, in comparison with phase velocities predicted for the Pasyanos et al. (2004) model of the Turkish Plateau (hereafter referred to as TP04), the path between stations DERE and INSU, crossing the NAFZ in the western part of our study area, is fast and the path between stations AGIN and EZRM, which spans the ATB and EAP in the eastern part of our study area, is slow (Fig. 3) .
SNR is a good proxy for phase velocity uncertainties (Bensen et al. 2007 ), so we only keep paths with SNR ≥ 15. To further insure a high quality data set, we also omit station-pairs with interstation distances less than three times the wavelength and estimates inconsistent with the rest of the data (i.e. outliers). For example, paths crossing the Black Sea were excluded because they had very low phase velocities that biased estimates of on-land velocities to the north of the NAFZ. Table 1 . Number N of phase velocity measurements for each period T used to construct phase velocity maps (Fig. 4) . 8  543  10  998  12  1189  14  1226  16  1199  20  1049  25  868  30  732  35  621  40  533 The remaining phase velocity estimates (Table 1 ) are used to construct phase velocity maps on a 0.25
T (s) N
• × 0.25 • grid (Fig. 4) using the ray theoretical method of Barmin et al. (2001) . This method minimizes a penalty function based on the data misfit, model smoothness and perturbation to the reference constant velocity model:
where G is the forward operator that computes traveltimes from the map, m is the estimated map, d is the data vector of observed traveltime residuals relative to the reference map, C is the data covariance, α is the damping parameter related to spatial smoothing, F is a Gaussian spatial smoothing operator with spatial smoothing width σ , β is the damping parameter related to the averaging of data in regions with poor path coverage and H is an operator that penalizes the norm of the model in regions with poor path coverage. We have tested different damping and smoothing parameters and present a model with α = 400, β = 100, and σ = 100 km, which retains lateral variations on a scale appropriate for the station density without introducing artefacts. An output resolution matrix is used to determine the lateral resolution for a 2-D symmetric Gaussian function placed at each grid point (Barmin et al. 2001; Levshin et al. 2005) . The lateral resolution at each gridpoint is defined as the distance at which the amplitude of the Gaussian has been reduced to one-tenth. The lateral resolution (Fig. 4) depends on the path density and azimuthal distribution of paths; resolution is higher in the centre of the study area and degrades towards the edges.
At periods sensitive to crustal structure (<∼20 s), the phase velocity maps highlight crustal features (Fig. 4) . The lowest velocities are beneath the EAP, in the eastern part of our study area. This region has young volcanism, so the low velocities could be indicative of the continued presence of warm or partially molten rock at fairly shallow depths.
The lowest crustal velocities in the western part of the study area are beneath the northern KM. With increasing depth, the width of this anomaly broadens and extends eastward into the wedge between the main trace of the NAFZ and the Ezine Pazarı-Sungurlu Fault (EPSF). Regions immediately to the north, east and south have faster velocities.
At longer periods, the phase velocity maps are dominated by a west-to-east gradation of decreasing velocity. The region beneath the EAP remains the slowest region, but another separate, slow anomaly is present to the east of the CAFZ in the southern central part of our study area. These longer periods can be compared with previous phase velocity maps based on earthquake measurements. Specifically, in regions with shared coverage, Gök et al., (2007) 30-s and Bakırcı et al.'s (2012) 30-and 40-s Rayleigh wave phase velocity map show good agreement with both the pattern and absolute velocities in our maps. We see less agreement with Salaün et al.'s (2012) 40-s phase velocity map, although our study region is near the edge of their model.
Seasonal variations
To determine the effect of seasonal variations in noise sources, we divide the NAFPSE data set into three seasonal subsets-two for Northern Hemisphere winter (2006 November-2007 March, 2007 November-2008 and one for Northern Hemisphere summer ( May-2007 September)-and compare results for the seasonal subsets with results for the entire 22-month duration of the experiment using these paths. Because of the network dimensions, the longest period we can study with the seasonal subsets is 30 s.
First, we use the SNRs of the cross-correlation stacks to look at seasonal differences in the amplitude of the noise sources from different azimuths (Fig. 5) . The stacks for the entire duration of the at Macquarie University on October 27, 2014 http://gji.oxfordjournals.org/ Downloaded from experiment have fairly balanced SNRs from all azimuths whereas the seasonal subsets do not. During the Northern Hemisphere winter, the largest amplitude signal comes from the direction of the North Atlantic Ocean. In contrast, the southern Indian Ocean is in the source direction of the largest signal during the Southern Hemisphere winter. These results are consistent with previous studies (e.g. Stehly et al. 2006; Yang & Ritzwoller 2008 ) that have seen the largest amplitude microseismic energy being generated in the oceans during the winter months.
Next, we compute phase velocity maps for the seasonal subsets. For a period of 10 s (which is representative of the seasonal differences observed at all periods), the seasonal phase velocity maps are compared in Fig. 6 . The maps show some small differences in the pattern and amplitude of the phase velocity anomalies, as well as in the size of the area with good resolution, but overall show very similar features and demonstrate that the phase velocity measurements are reliable. In addition, this indicates that the seasonal variations in noise sources do not bias our phase velocity maps and supports Yang & Ritzwoller's (2008) conclusion that any inhomogeneity in noise sources can be overcome by using recordings >1 yr in duration.
S H E A R -WAV E V E L O C I T Y S T RU C T U R E
Phase velocity inversion
Across the study area, we invert the phase velocity estimates for shear velocity as a function of depth following the method described by Snoke & James (1997) , Larson et al. (2006) and Warren et al. (2008) . The method uses a linearized least-squares inversion (LLSI; Herrmann 1987 ) to determine the model with the best least-squares fit to the dispersion data. For a starting model (Fig. 7a ), we combine P-and S-wave velocities and density from model TP04, which is specified to 46 km depth, with the global model AK135 (Kennett et al. 1995) for greater depths. Attenuation at all depths is taken from AK135. TP04 has layer thicknesses ranging from 1 to 10 km, but we have resampled the model to have layers with uniform 1 km thickness and smoothed the model across the layer boundaries. The depth sensitivity of each of the periods selected for phase velocity measurements is plotted for the reference velocity model in Fig. 7(b) . Note that there is little sensitivity at 5 km depth, so we do not have the resolution to image contrasts between basins and bedrock in the top few kilometres and we focus on the structure below 10 km depth.
TP04 has a Moho depth of 42 km. In the ETSE region, crustal thicknesses range from 40 to 50 km depth, with an average of 45 km , whereas preliminary results from the NAFPSE show crustal thicknesses of 35-40 km (Tok et al. 2008; Özacar et al. 2010a) . Because crustal thickness maps are not available for the entire study region, we use the constant value of 42 km, which represents a reasonable average value for the entire study region.
For each grid-point of the phase velocity maps, we invert the phase velocities for shear-wave velocity as a function of depth. As described in Warren et al. (2008) , the inversion procedure is iterative, uses differential smoothing (to damp differences between velocities in neighbouring layers), and holds P-wave velocity, density and attenuation constant. Following each iteration, the misfit between data and computed dispersion velocities are calculated. We decrease the damping parameter (with three to five iterations at each value) until the change in misfit with each iteration is small. The resulting S-wave velocity model (Figs 8-10) , which is for a damping parameter of 10 per cent of the maximum eigenvalue of the data kernel, varies by up to 0.5 km s −1 from TP04 (Fig. 7a) . Errors are not formally calculated, but Larson et al.'s (2006) comparison of LLSI results with the range of possible models estimated through a neighbourhood algorithm approach demonstrated that the LLSI resulted in a good estimate of the final model.
We have tested starting models with deeper, shallower and varying crustal thicknesses and, unless noted, the same general features are apparent in the resulting models. Results for input models with Moho depths 5 km shallower and deeper are shown in Figs S2-S7. Despite similarities in the shape of the anomalies, the magnitude of the resulting shear velocities vary, particularly near the Moho, depending on the input crustal thickness.
Model features and discussion
The output shear-wave velocity model, which is specified to 50 km depth in 1-km-thick layers, displays large variations across central and eastern Turkey. While some of these variations correspond to features such as crustal blocks, faults, and palaeosutures that are apparent at the surface, the model also suggests that some of these surface features do not have a strong subsurface expression and that there are additional relationships not discernible from surface features. In describing the model below, we interpret the structure in terms of the major surface features and the tectonic history.
The NAFZ, a major fault zone cutting through our study area, does not have a consistent signature in our velocity model: it appears as fast and slow anomalies in different regions (Figs 8-10 ). Similar variability was imaged with local body wave tomography (Yolsal-Ç evikbilen et al. 2012) . A lower velocity region is particularly clear at mid-crustal depths (10-20 km) between 33
• and 37 Figs 8-10) , where the NAFZ broadens with several splays cutting through the TAC. The low velocities, then, may reflect both the sedimentary rocks of the TAC and the fractures from the splays. In contrast, fast anomalies are present in the top ∼10 km along the NAFZ between 33.5
• and 37 Figs 8-10 ). This region is near our northern boundary of good resolution, so these anomalies likely indicate a contrast in velocities across the fault, with faster velocities on the northern side, rather than the signature of the fault itself. Faster velocities to the north of the fault, where the crust is made up of the Pontides and continental basement, are consistent with previous studies immediately around the fault (e.g. Ozakin et al. 2012) .
Although our resolution is limited in the uppermost mantle, we do not image a velocity contrast across the vertical extension of the NAFZ in the upper mantle. Sub-Moho velocities along the fault generally decrease to the east (Fig. 11b ), but this pattern does not appear to be related to the fault. Finding similar results, a P n tomography model of the upper mantle imaged longitudinal velocity variations along the length of the NAFZ, but no velocity contrast across the fault (Gans et al. 2009 ; Fig. 11a ). In addition, shear-wave splitting results, with a consistent northwest-southeast fast orientation, showed no influence from a deep extension of the NAFZ . On the other hand, teleseismic tomography shows variations across the NAFZ below the easternmost and west Pontides at ∼60-110 km depth and these may be due to the NAFZ following and being controlled by the IAESZ (Biryol et al. 2011) .
The most prominent low-velocity feature in our model, with shear velocities <3.5 km s −1 from 5 to 40 km depth, is beneath the Neogene volcanics of the EAP ('C' in Figs 8-10). We image this lowvelocity anomaly extending throughout the crust and uppermost mantle and connecting with a previously-imaged low-velocity zone in the lowermost crust and mantle (Gök et al. 2007; Biryol et al. 2011) . Several previous geophysical studies in the area indicate thin crust and mantle lithosphere beneath the EAP (Türkelli et al. 1996; Sandvol et al. 1998; Gök et al. 2000; Al-Lazki et al. 2003; Zor et al. 2003; Angus et al. 2006; Özacar et al. 2008 , 2010b Biryol et al. 2011; Ates et al. 2012 ). Based on these geophysical studies, as well as the geochemical analysis of igneous rocks exposed in the EAP, it has been proposed that the uplift of the EAP is associated with the steepening and break-off of the northward subducting Arabian lithosphere along the BZS ∼11-10 Ma (Keskin 2003; Faccenna et al. 2006; Lei & Zhao 2007; Elitok & Dolmaz 2008; Gögüs & Pysklywec 2008) . Hence, the upwelling hot asthenosphere replaced the slab, resulting in recent volcanism and uplift of the 2-km-high plateau (Keskin 2003; Şengör et al. 2003) . Furthermore, magnetotelluric profiles across the EAP, which show low resistivity, are consistent with 3-10 per cent melt in melt pockets (Türkoglu et al. 2008) . Thus, our low shear-wave velocities in the crust are consistent with previous interpretations and indicate the continued presence of hot rock at shallower depths.
Separate from the EAP low-velocity zone, we image an additional low-velocity region in the lower crust/uppermost mantle (below ∼30 km depth) in the south-central part of our study area. This region , has a sharp northwestern boundary that coincides approximately with the surface location of the CAFZ and ITS. The ITS separates the Cretaceous metamorphic and granitic rocks of the KM from the ATB (e.g. Şengör & Yilmaz 1981; Okay & Tüysüz 1999) and the CAFZ largely follows this older suture, reactivating it in the middle Pliocene (Koçyigit & Beyhan 1998) . Thus, our shear-wave velocity model suggests that the CAFZ/ITS is a recognizable crustal-scale feature and could, in part, be the result of the old suture and inherited structure.
Fast shear wave velocities (3.7-3.8 km s −1 ) associated with the KM are imaged at ∼25-40 km depth . This anomaly may represent the foundation or core of the crystalline complexes of the KM. The upper boundary is irregular with, for example, the 39
• N cross-section (Fig. 9) indicating that it dips to the west.
While velocities in the lower crust/uppermost mantle trade off with Moho depth, this lower crust low shear-wave velocity region to the southeast of the CAFZ is coincident with very low P n velocities in the uppermost mantle (Gans et al. 2009) (Fig. 11 ). Based on P n tomography results, Gans et al. (2009) subducting at the BZS broke off. This is also in accord with more recent body-wave tomography results (Biryol et al. 2011) . As discussed above, the oceanic slab detached around 11-10 Ma, causing the hot asthenosphere to rise and come in contact with the continental lithosphere (Keskin 2003; Şengör et al. 2003) . The low crustal shear-wave velocities we image in the crust could be due to the thermal effects of the slab window.
While a detached, sinking slab is too deep to be imaged in our study, we may be able to see the portion of the Arabian Plate left behind. Indeed, immediately south of the BZS, we image a highvelocity region below ∼20 km depth . This region presents a clear contrast with the slow velocities both at shallower depths and beneath the adjacent EAP to the north. This high-velocity anomaly may indicate that the northern tip of the underthrusting Arabian Plate extends to ∼38.5
• N. Previous studies have indicated that the crust south of the BZS is slightly thinner (∼38-40 km) than the crust north of the suture, but that cannot account for the high velocities we observe at ∼20-40 km depth south of the suture (Özacar et al. 2010) . We interpret this to be part of the lower crust of the Arabian Plate, consistent with previous studies that observed higher velocity crust for the Arabian Plate (Gök et al. 2007; Al-Damegh et al. 2004; Mooney et al. 1985; Stern & Johnson 2008) . Using joint receiver function and surface wave tomography, Gök et al. (2007) found higher shear wave velocities (sv) between 31 and 37 km depth south of the BZS as compared to north of the suture. Al-Damegh et al. (2004) found that L g propagated efficiently in the Arabian Plate south of the BZS but not in the East Anatolian Plate to the north of the suture. In the central part of the Arabian Plate far south of the suture, refraction line results indicate an average crustal thickness of 39 km with a high velocity lower crust (v p ) between 20 and 40 km (Stern & Johnson 2008; Mooney et al. 1985) . If this is representative of the Arabian Plate, then we should expect high velocity lower crust material along the south side of the collision zone. Hence, our anomaly F is in the lower crust and represents the faster material associated with the Arabian Plate that is in the collisional zone of the BZS. and additional regional stations to do ANT across central and eastern Turkey. We compute phase velocity maps for periods of 8-40 s and invert them for shear-wave velocity. The resulting shear-velocity model, which extends to 50 km depth, shows large (>±5 per cent) variations in wave speed across the study area. The velocity anomalies largely, but not entirely, reflect surface tectonics: (i) Prominent velocity jumps are imaged throughout the crust across the palaeosutures along the CAFZ.
(ii) The NAFZ appears as a high-velocity anomaly in the upper crust, but does not have a consistent signature deeper.
(iii) The EAP, which has young volcanism, is underlain by a prominent low-velocity zone extending throughout the crust and uppermost mantle. The low velocities may indicate hot asthenosphere rising through a slab window formed from the break-off of the subducting oceanic Arabian Plate ∼11-10 Ma.
(iv) A deeper high-velocity anomaly to the south of the BZS may be the northern tip of the underthrusting Arabian Plate.
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Additional Supporting Information may be found in the online version of this article: Figure S1 . FTAN analysis for interstation empirical Green's functions from cross-correlation stacks for paths between stations (a) DERE and INSU and (b) AGIN and EZRM. Path locations are shown as the grey swaths in Fig. 1 , where DERE-INSU is the western swath and AGIN-EZRM is the eastern swath. The interstation empirical Green's function (shown on the right in each subfigure) is narrow-bandpass filtered at various centre frequencies and the quadrature traces (envelopes) are calculated and contoured. The x's are computer-picked quadrature-trace amplitude maxima for each period, and the vertical lines span ±1 dB. Figure S2 . Shear-wave velocity maps at depths of 10, 20, 30 and 40 km, as specified in upper left-hand corner of each plot, for starting model with Moho 5 km deeper than TP04. Figure S3 . West-east cross-sections of shear-wave velocity at latitude given in upper left-hand side of each plot for starting model with Moho 5 km deeper than TP04. Figure S4 . South-north cross-sections of shear-wave velocity at latitude given in upper left-hand side of each plot for starting model with Moho 5 km deeper than TP04. Figure S5 . Shear-wave velocity maps at depths of 10, 20, 30 and 40 km, as specified in upper left-hand corner of each plot, for starting model with Moho 5 km shallower than TP04. Figure S6 . West-east cross-sections of shear-wave velocity at latitude given in upper left-hand side of each plot for starting model with Moho 5 km shallower than TP04.
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